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ABSTRACT

A model for the unconfined spreading and evaporation of liquid

natural gas (LNG) when spilled on a water surface has been developed.

The model includes a model for differential boil-off of the LNG

constituents. A listing of the computer code, LNGVG, developed for

making these calculations is included. This code can be used to

calculate effects for instantaneous,

continuous spills. Calculations for

at China Lake have been made and are

continuous or finite duration

two spill experiments conducted

compared to the experimental data.
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INTRODUCTION

Liquid natural gas (LNG) is a cryogen with a boiling temperature, at

1 atm., of approximately 111° K. Spillage of LNG on a water surface results

in a very rapid spreading into a circular shaped pool. During this spread-

ing process, heat transfer from the relatively warm water to the cold LNG

results in boiling of the LNG with a resultant high rate of gas vapor

generation.

LNG is composed primarily of methane with small fractions of ethane

and propane. These constituents have different heats of vaporization

and boiling points with the result that they boil off at different rates.

This differential boil-off during vapor generation results in LNG vapors

containing different fractions of constituents than the originally spilled

LNG.

A computer program called LNGVG to calculate LNG Vapor &eneration

and differential boil off has been written. Using this code, calculations

of pool radius, differential boil-off, spreading rate and pool break-up

can be made for instantaneous, continuous, and finite duration continuous

spills of LNG on water. Using this code, two calculations have been made

to predict the boil off of each constituent of

[11 A listing of thtsconducted at China Lake.

DISCUSSION

The calculations for the spreading of LNG

LNG for two spill tests

code is given in Appendix A.

are approached by determin- *

ing the velocity of the leading edge of the LNG pool. This velocity is

determined by considering the outer edge as a density intruston. The radius ‘

of the pool as a function of time is determined from the veloci’tyequation.

Pool break-up is assumed to occur after spilling has stopped and when

the thickness of the LNG reaches an experimentally determined minimum thtckness,
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due to spreading and evaporation. The break-up is observed

center of the pool first and spreads radially outward until

evaporated.[2]

The rate of evaporation of LNG from a water surface is

to occur at the

all the LNG has

often determined

experimentally and given as a regression rate (i.e., cm./min.). This

regression rate represents the sum of the contributions from each of the

LNG constituents. The fraction of this regression rate applicable to each

of the constituents is determined in the calculations by the relative

magnitudes of their heats of vaporization, boiling temperature and volume

fraction. This relative fraction of total boil-off for each constituent

varies with time and is different from the original volume fraction of the LNG.

LNG SPILL SCENARIO

The phenomena that occur during a continuous spill of finite duration

are described below. The LNG is assumed to be spilled at a constant rate

for a finite time.

(1) Initially the LNG spreads radially at a rapid rate, which decreases

as the radius increases. Boil-off of the LNG takes place as soon

as the LNG contacts the water surface. Due to the differential

boil-off phenomenon, the vapors generated have different volume

fractions than the initial LNG. Also, the volume fraction of the

LNG

the

(2) The

constituents of the LNG on the water surface changes due to

differential boil-off.

LNG spreads out to a radius large enough to vaporize an amount

of LNG equal to the rate of LNG spill. The composition of the

LNG spilled on the water surface continues to change due to differ-

ential boil-off until a condition is reached where the rate of
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boil-off of each LNG constituent equals the rate of spillage

of each constituent.

(3) Steady conditions are maintained until the spillage is stopped.

Once spilling has stopped, the volume fraction of each constituent

in the spilled LNG changes due to differential boil-off and the

vapors generated again have volume fractions different from

the original LNG volume fractions.

(4) The volume of LNG left on the water decreases as vapor generation

takes place until the pool begins to break up in the center.

Initially just a small circular area of water is visible. This

circular area increases with time until the entiremass of LNG

has evaporated.

ANALYTICAL RELATIONS

The radius of the LNG spilled on the water surface is given by equation(l):L3J

(1)
Pw ‘~ LNG 1/4 “ 1/4

r = 1.35 (9 ~ )
w

where: r = radius

P = density of LNG or water (w)

v = volume of LNG on water surface

t = time

tl/2

.

The velocity of the leading edge of the LNG is given by differentiating

equation (2) with respect to time while holding V constant:

1/4 1/4 t -1/2
(2) (f)

= 1.35
~[9 ‘W;wpw v

V=constant

.3

&
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method of applying the above equations is to calculate the spreading

short time increments using a constant LNG volume during the time

increment. After each time increment, the volume remaining is adjusted to

account for LNG added during spilling and loss due to evaporation. Thus, the

radius after N+l successive time intervals, At, is given by:

(3) dr
‘N+l = ‘N + (~)v=v ‘t

N

and the volume VN is given by:[31

(4) ‘N = ‘N-1 + ‘~ - ‘vN-l] ‘t

where: i=

EV =

In the case of

given by:

(5) i=

where: R =-:.

K=
“.

rate of addition of LNG

Rate of evaporation of LNG

a continuous LNG spill, the maximum radius of the pool is

nR2K

maximum pool radius

LNG regression rate (length/time)

After spillage of the LNG has stopped, the maximum radius, R, attained

by,the pool is assumed to remain constant. During this condition, evaporation

takes place until the average LNG pool thickness, h, equals 0.183 cm.[21 and

thereafter pool break-up occurs. Pool break-up initially occurs at the center
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of the pool and spreads radially outward as LNG is evaporated. During pool

break-up, the LNG thickness is assumed to remain constant at O.,183cm. This

value has been experimentally obtained with other researchers‘4] obtaining

different values, up to a factor of 3 larger. Using larger values for pool

break-up results in pool

Also experimentally

regression rate in units

break-up occuring sooner.

obtained is the rate of LNG boil-off expressed as a

of, for example, cm. of LNG per second. A value

of 0.0423 cm. per second[51 was used in the subsequent China Lake calculation.

This rate represents the sum of the regression rates for each of the various

constituents of the LNG. The regression rate for any individual COIIStitU(2nt,I,

is calculated as follows with I = 1 corresponding to methane (CH4):

(6) K =

where K=

CP =

AT =

HVAP =

pl =

FRI(I) =

A=

(c#T+HvAp)~HpcH FRI(I) /!z (CPAT + HVA$)l P: = ~ KIFRI (I)

I I

experimentally determined LNG regression rate

specific heat

number of degrees that the boiling temperature of

constituent I is above the initial LNG boiling temperature.

heat of vaporization

liquid density of constituent I

volunw fraction of constituent I in the original LNG

unknown regression rate to be solved for.

Solving (6) for “A” and plugging into the below equation (7) gives the

regression rate, K1, of constituent I:

. ;-

:

(CPAT+HVAP)CH PCH A

(7)
44

‘I = (CPAT+ HVAP)l P]
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The LNG spilled initially on the water contains various volume fractions

of constituents. Throughout the calculations a mass balance is calculated for

each constituent in the spilled

LNG is determined from the rate

LNG. Loss of constituents from

evaporated in a time step At of

AV1 = KIFSAt

where: F= volume fraction

LNG. Addition of constituents to the spilled

of spill and the known volume fractions of the

the spilled LNG is by evaporation. The amount

constituent I is given by AV1:

of constituent I in the LNG pool

s= surface area covered by LNG pool

In the calculations, the mixture of the constituents is always assumed to

be homogeneous.

CALCULATIONS

The above relations have been incorporated into a computer code called

LNGVG. A listing is provided in Appendix A. Use of this code involves

generating an input file called LNGIN which contains the information called

for by the read statements 6 and 8. Input variables and their units are

described in the conment cards at the beginning of the code. Output is all

contained in an output file called LNGOUT.

.,.
Calculations for two anticipated spills at China Lake have been made.

> The initial conditions for each spill are given below:

Spill Number . LNG 18 LNG 19

Volume of LNG spilled (m3) = 4.4 4.0
Rate of LNG spillage (m3/min) = 4.0 4.0

I
I



Volume fraction of constituents
in the LNG: ~ie:;:e (CHq) = 0.9423 0.9504

= 0.0436 0.0391
Propane = 0.0110 0.0075

LNG Boiling Temperature = 111.7° K(.201° R) 111.7° K (201° R)
LNG Regression Rate (cm/see) = 0.0423 0.0423

Water Density (kg/m3) = 1,000 1,000
Initial LNG Density (kg/m3) = 439 439

Wind Speed (m/see) = 1(I 2

RESULTS

The results of the calculations for the volume fraction of each

constituent in the vapors generated VS, time is shown In Figures 2 to 4

for test LNG 18 and in F~gupes 5 to 7 for test LNG 19. From these

figures, one sees that the initial volume fraction of methane

in the vapors is greater than the Qriginal fractions in the

LNG, and the initial volume fractions of ethane and propane are less

than the original LNG. The volume fractions in the vapor adjust

themselves with time, however, until at the end of spilling, the vapors

have approximately the same volume fraction as the original LNG. After

spilling stops, the volume fraction of methane decreases

and that of ethane and propane increases continuously until all the LNG

has evaporated.

The maximum radius attained by the LNG pool in each test is 23 feet at

a time of 23 seconds. Pool break-up is calculated to occur after 77 and 69 ●“

seconds for tests LNG 18 and 19 respectively. t

The total boil-off rate (m3/see) vs. time for each spill is shown

on Figure 1.

I
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HODELVERIFICATION

The above calculational results have been

differential boil-off data. The data is shown

compared to experimental

in Figures 2 to 7. The

data was obtained in each test from a measurement station, with station

1 and 2 located 25 and 50 feet respectively from the spill center. The

data compares favorably with the calculations. The calculated curves

appear to be slightly to the left of the experimental data points. This

is poss~bly due to the fact that the LNG spilling from the spill pipe

does not stop abruptly upon valve closing, but rather conti’nuesto spill

out at a decreasing rate until the spill pipe is emptied. The calculations

assumed a step change in starting and stopping the LNG spilling. If this

is taken in account in the model, then the data points and calculated

curves are expected to essentially coincide at times after spilling stops.

Also due to weathering of the LNG in the spill tanks, it is suspected

that the LNG is not homogeneous but during initial spilling is weathered

to some degree. In the spill tests only one sample of the LNG was taken,

however, in future experiments numerous samples will he taken.

[5$61 have been made for instantaneousComparisons wtth otliermodels

spills of LNG on water and the results are tabulated in Table I. The

comparison i,nvolvesmaximum time to evaporate and maximum pool radius

for instantaneous spills of 10m3 and 1000m3. The calculated results

i* from all three models agree rather well.

;



LNG 18 & LNG 19, CHINA LAKE TESTS

TOTAL VAPOR BOIL-OFF RATE
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FIGURE 1
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LNG 18, CHINA LAKE TEST

COMPARISON OF EXPERIMENTAL VS. CALCULATED
METHANE VOLUME FRACTIONS IN LNG VAPOR
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o - STATION #2 DATA

I
I

I
END OF SPILLING

I

100 .
A

o

y

— _ — . — ———
A b

90 INITIAL LNG VOLUME I
FRACTION o I

CALCULATED

1 a . * s n 1 1 I I 1 1 1

0 10 20 30 40 50 60 70 80 90 100 110’ 120

TIME AFTER SPILL START, SEC

F I GU RE 2

I



LNG 18, CHINA LAKE TEST

COMPARISON OF EXPERIMENTAL VS. CALCULATED
ETHANE VOLUME FRACTIONS IN LNG VAPOR

A - STATION #1 ‘DATA

O - STATION #2 DATA
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LNG 18, CHINA LAKE TEST

COMPARISON OF EXPERIMENTAL VS. CALCULATED
PROPANE VOLUME FRACTIONS IN LNG VAPOR
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FIGURE 4
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LNG 19, CHINA LAKE TEST

COMPARISON OF EXPERIMENTAL & CALCULATED
METHANE VOLUME FRACTIONS IN LNG VAPOR

A- STATION #1 DATA

@ 0- STATION #2 DATA

;(

— o~

o

END OF SPILLING

I
INITIAL VOLUMEFRACTION

I
CALCULATED

IN LNG VALUES
(LNGvG coDE)

I
I

. 0.



LNG 19, CHINA LAKE TEST

COMPARISON OF EXPERIMENTAL VS. CALCULATED
ETHANE VOLUME FRACTIONS IN LNG VAPOR

A- STATION #1 DATA

@ - STATION #2 DATA

END OF SPILLING

~

INITIAL VOLUME FRACTION
IN LNG {
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FIGURE 6
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LNG 19, CHINA LAKE TEST

COMPARISON OF EXPERIMENTAL VS.
CALCULATED PROPANE VOLUME FRACTIONS

A - STATION #1 DATA

@ - STATION #2 DATA
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FIGURE 7
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TABLE I

COMPARISON OF MAXIMUM POOL RADIUS, RMAX, AND TIME TO COMPLETE

VAPORIZATION, TMAX, AS PREDICTED BY DIFFERENT ANALYSES

INSTANTANEOUS LNG SPILL VOLUME-LIQUID

ANALYSIS

LNGVG

FAyf51

10 M3

RMAX(M)

20

16

20

TMAX(SEC)

44

24

38

1000 M3

RMAX(M)

113

109

115

TM4X(SEC)

111

108

120

\’J

.
?
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APPENDIX A

c
c
c
E
c
c
c
c
c
c
c
:
c
c
c
E
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
$
c

:
c
c

:
c

E
c

E
c
c

:
c
c
c

PROGRAM LFWJG(LNOIN T/iPE2=LNGIN L.NGCXJT, TAPE3=LNQCJLJT)
CALL DEVl CE(6HCREA”ik, f5HLNGf3UT !56009)

A = REGRESSION RATE t3F CflNSTITUENf 1 6F THE LNG, FT/SEC
AB = UGED IN CAI.CULATING A
CON = CCJNSTANT (0,675)
CP(I) = SPECIFIC HEAT OF CCJNSTITLIENT 1 BTU/LBM/F
I)ELRCI = DENSITY DIFF, 13ETWEEN lIATER ANfi LN13 (3N WATER
DELV(I) = Vt?J1.UME CIF CONSTITUENT I VfiPi3RlZED DURING A’”r’i:!!’
DENS = SUMMATICJJN UF DENSITY*V(!ILUMK CJF EACH I.NC) Cf3N3TlTUENT
DENS 1 = AVERAGE DENSITY UF LNO t3N WATER
DLVS( I ) = Vt3LUME (JF Ct3NSTITUtZNT 1 VAPORIZED PER SEC. CU,FT
FR(l) = VOLUME FRACTICJN UF CCINSTiTLIENl I IN LFU3 VAPC#tIZED
FR1(I) = VCJLUME FRACTION CJF CONSTITUENT [ IN LNG SUPPLIED
FRII(I) = VCJLUME FRACTICJN OF CfiNS”l’l Tl~ENT I IN REMAIi~ING SF
G:~ACCELERATION OF GRAVITY - FT/SEC/SEC
H x AVERAGE HEIG}{T OF LNQ t3N WA,TF.F! SURFACE
HBRK = THICKNESS t3F LNG AT START OF IW71.. 13RCAKLJP, FT,
Iy& 1 ) = I+EAT CJF VAPCN?IZATICJN 6F Ct3NSTITUENT I , BTU/LBM

= 1 MEANS CCJNTINUCJUS SPILL, ICONT=O. FUR rW3N-CCJNTINLi6(JS SPIL
lNST = 1 MEANS INSTANTA.NH’JIJS SPILI... [NST=O. FoR NtYN-r NSTANTANEfJLJS
LNGIN = NAME OF INPUT FiLE
LNCWIUT = NAME 13F CJLJTPUT FILE—---- —
M2 = FKJLT”i

CU.FT,
STEP, CU,FT

/SEC

LLED LNG

.L
SPIL

WHEN I IS LARGE
M3 ❑MULTIPLIER
WHEN I IS LARGE
M4 ❑ MUL.TIPLIEF
:HEN CALCULATIC

TUTAL NUMBER UF INCREMENTS FCJR IWICH CALCULA~16klS ARE MADE
N1=N2,N3 = NUMBER t3F TIME $TEF’S A’T INCREMENTS UF !?TEF1,STEP2, STEP3 SEC
Nc3?iPE = NUMBER OF CCJNSTITUENTS Ct3MFIRIS1NG TNE LNC4

..— ----- ..——
PL~E~-CJF PTIM TCJ I?JBTAIN PRINT-6UTS AT GREATER TIME INTERVALS

“ER THAN N1
6F PTIM TCJ CJBTAIN PRIP!T-UUTS AT GREATER TIME INTERVALS

ER THAN N2
R ISF PTIM T(3 CJBTAIN PRINT-f3UT AT GREATER TIME INTERVALS
3NS ARE BEING MADE DURING P(XIL BREAK-UP

..- -----
gyi!m?~)

-----
= NUMBER ASS6CIATIN-”WITH tirlE-d~ THE CCYNSTITUENTS CJF LNG

. .. —- ..-

P’il ‘-’”= (JSED IN CALCULATIONS T@ SET PRINT-UUT TIME INCREMENT
PTIM = TIME INTERVAL RJR PRIN-(CJUT OF RESUL.T!5, SEC
Q(I) = QB(I)*A, FT/SEC
QE3(I) = RATIO CJF QBFT(l) TCJ QBFT(I) TIMES 3,14
#3FT(I) = HEAT TCJ VAPORIZE CUNSTITUENT I ,BTU/LBM

= RADIUS UF LNG Pf31?IL UN WATER SURFACE
RBRK = INTERICJR RADIUS f3F F’@UL BRIMK-UP
RDUT = VELOCITY OF Pr3CIL SPREA[) F“T/’SEC
REGR = IIEGRES:JION RATE OF LNfJ 6URIN13 VAF’URIZATIUN, FT/SEC
RHt3(I) = DENSITY CJF CON3TITIJENT I, LBM/CLJ.FT.
RH5W ❑ DENSITY ~F WATER LBM/CU,FT
RMAX = MAX RADIUS LNG PGbL ATTAINS
RSPIL = RATE OF SPILL OF LNG, CLJ,FT/SEC
RCJAV = AVG DENSITY SF LNG SUPPLIED LB/CU.FT.
SP I L.T = TIME DUFtATItJN (7F SPILL,
STEP

sEt5
= ACTUAL TIME STEP USED jr] CALCULATICJN, SEC

TDELV = TfiTAL VOLIJME UF LNG VAPUF!IZEIY PER TIME STEP CU,FT.
TDLV( I ) = TOTAL VCJL.UME VAFURIZED UF CUNSTITIJENT I
TDLVS =

6tl,FT,
TCJTAL VCJLUME OF LNG VAPORIZED PER SEC., C~,FT./SEC

TIM = TIME FRfYM START t3F CA1.CIJLATIUN SEC
TNCJT = INITIAL TEMF’EI?AT’URE OF LNG, D!%RKI:3 RANKINE
TVAP ( I ) = TEMPERATURE AT VAF13RIZAT15N CJ1’ CCJi’U3T1TUENT, DEGREES
~V:L = TOTAL V(7LUME VAPCJRIZED CU, FT.

V(3LUME f3F LNG CJN WATER SUI$FACE CLJ,FT.
VA = USED IN CALCULATIf3NS T13 CALCLJt.ATE V
y;:l) = VffLUME CJF CUPISTITLJENT LEFT 5N SPILL SURFACE CU.FT.

= INITIAL VULUME UI= LNG SITTING UN WATER SURFACk TO STAR

RANKI NE

T CALC’S
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7
8

2:

c
22
23

%
26

30

35
36

40

c

303
304

305

c1

c

c

N UNITS OF Cl).FT.
4 DIMENSICIN NUMBLR(5), FRI(5),F?HO(5) ,HVAP(5) TVAP(!5), CP(5),QB(5),Q(5)

1 VUL(5) QBFT(5), I)ELV(5),FR(5), FRII(5), DLV~(5),TDLV(5)
i%EALI lNI%T DATA

6 READ(2 1000) INST lC6NT NOSPE N1 N2,N3 STEP1 STEP% STEP3,(3,RHUW,
lRSPIL,*PILT vt5LI fN6T, R&GR, HBkK,$fiAV,c&N, pTIfi,M2,MA,M4

WRITE t3UT IkPIIT 15ATA
WRITE(3,102O)
WR1TE(3,103O)
WRITE(3 1040) INST, lCONT NCISPE,N1 N2, N3, STIZPIJ STEP2,STEP3, G,RH6W,

lRSPIL,SfilLT VCJL1, TNCITjtlE&?,l lBF?K,R&AV, PT[M,M2, M3,M4,CCJN
WRITE(3,1056)
DfY 20 I=l,NCJSPE
READ(2 1010) NUMBER(I) FRI(l),RHU(I) H\/AP(I),TVAP(I) CP(I)
WRITE(?! 1060) NUMBER( I},FRI(I),RHO(I ~,tdVAP( r),TVAP(lt,CP(I )
CUNTINU&
AB=O.O
INITIALIZE PARAMETERS
DCI ?)0 1=1 N8SPE
CIBFT(I )=(t)P(l)*(TVAP(l )-TNOT) +HVAP(I))XRHCI(I )
Vf3L(l)=FRl (l)*VOLl
AB=AB+(=FT( 1)/QBFT(l))*VUL( [)/vf3Ll
:::13~;~B~T&l &#14/QBFT( 1)

C~NTINUE “. .._.-
VRITE(3,107O)
R=(vuLr/3,14)**o,3333
DELRU=RH6W-RHAV
V=VOLI

!l:EEGR/AB
IF(ICONT.EQ.1) RMAX=(RSPIL/(3,14*RFQR) )x*O,
STEP=STEP1
N=N1+N2+N3
~:~~2+Nl

= 0.0000
PT 1 = ;,:;::
TIM =
PT=PTIM”

1,1) RMAX=9999,
180) TJM,N,RMAX,R,H,DELRU, A

1 1=1 N6SPE
:QB(lj*A
:~,3A1090) l,Vt3L( l),QBFT(1),0B(I)

IDUT”=” O
lF(INST,EQ
g41~:(3,10’

Q(l)=
WRITE
CUNTImuC
WR1TE(3,11OO)
TRANSIENT CONTINUOUS OR INSTAI’IT,ANE(3US SPILL
DO 350 1=1 N
IF(l.QT.Nl~ STEP=STEP2
lF(i.GT.N2) STEP=STEP3
TIM~TIM+STEP
IF(TIM,QT.SPILT) RSPIL:
IF(R,EQ.RMAX) QU TCI SO!
RDCiT=CON*((G*DEL
R::R+RDIYT*STEP
IF(R,QE.RMAX) R=RMAX
IF(R.EQ.RMAX) RCKIT ❑ 0,000
IF(R,EQ.RMAX) IDUT ❑ 1
TDELV=O,O

=0
5

,0
~R6-/RHtiW)**0.25)*(V*~0, 25)

5

CALCULATI

/(TIMx*.5)

UNS

;



306
307
308

309

310

311

313
331
332
333

340

347

348
349

330
600

602

604

606
607

VA=O. O

QU TO 349
C6NT1NUE
WRITE(3,111O)
WRITE(3,1115)
WRITE(3,1120)
WRITE.(S,1130)
lF(l:13:.:$o&)
PT1
ID(3T = O
CONTINUE
IF(H.LE.HBRK)
:c&~lMl#JE

WRIT;(3, 1200)
WRITE(3,121O)
P-I-IM=PT*M4

I, TIPI, R,H,DENS1,RDUT

(J VUL(J), DLVS(J),TDLV(J) ,FRII(J), FR(J),J=l,NUSPE)
v *DI.VS,TVt3L
oh 1(Y 34a

Gi3 TO 600

RMAX,H,TIM

T“lm=i
RBRK=
RMK = (
IF(RM

K= I
Dfl 650 I=K N
IF(I.QT,Nl~ STEP=STEP2
IF(I .~~;:~~pSTEP=STEp3

(RMAXX*2-(V/(HBRK*3.14) ))**0,5
RMAX-RBRK)/RMAX
K.LT.O.01) GO TU 1660

1, NUSPE
(J)*(VeL(J),;V)*(RMAXX*2-RBRl<**2) *STEP

fL(J)=O.O



-23-

t

610

611
612
613

620

630

CUNTINUE
TDLVS = TDELV/STEP
TVOL = TV6L + TDELV
V=VA
lF(V.LE.O.0) Gt3 TO 1660
DO G20 M=l,NOSPE
FR(M)=llELV(M)/TDELV
~t#$H#;=VOL(M)/V

= TDLV(M) + DELV(M)
CCINTINUE
PT1=PT1+STEP
IF(PT1.QE.PTIM) G@ TO 630
GO TCI 640
C15NTINUE
WRITE(3,1220) I,TIM,RBRK
wR1-i-E(3,1115)
WRITE(3,1120) (J V6L(J),DLV
hJIJ;T:(:, l130) V,tDLVS,TVUL

=.
CONTINII
CtllN

S(J), TIILV(J), FRII(JI,FR(J) ,J=l,NOSPE)

,. . ..JE
IT I NUE
!MAT(312.315.5Fl13.4,/, 7F10.4,/,2F10.4,315)

14;APOR QENERATI(7N F6R A SPILL UN WATER - w, STEIN”)

.-..
F6RI
FORMAT(I2 ?5F1O;
FURMAT(lHf,’’LNQ
FORMAT(// 2X “INPUT PARAME”IERS”)

---

F~RMAT(/,&X,~’lNST=” 12, 2X, ’’ICUNT=’’, I2,2XNCSPE=PE= “ 12 2X, ’’N1=”,
❑“,[6 2)(,’’N3= ~,, 16 /,sx,’’STEPl=” F1O.4 2X, ’’SfEt’&’’, Flt4,4,

$yl%=” Flb.4,2X, ’’Q=’’,#l4,4, /,!3X,’’RHbW=’’,F{4,2X,X, “RSPIL=” F1
“SPI1.t=’’,FlO.4,/ 5X, “VUI-1=” F1O.4,2X,’’TNOT=” F1O.4 2X, ’’R&GR

4~lb,j,/ 5X, ’’HBF?K=” fi10.4 2X, ’”R6AV=” FI0.4,2X, ’’Pt’IM=’’,#lO, 4,2X,
16,/ 5X “M3=’’,I6 2~,’’M4=’’, 16,~XCt3N=”N=” F1O,4)

10505F%lAf(//,t$X,1HI 3X 6H#RI(I ),4X,6HRHU(l ),3X, }HtlVAP(I ),3X,
17HTVAP( I),5X,5HCP(II)

1060 FURMAT(5X, I2,5F1O,4)
1070 FURMAT(// 2X “INITIAL AND CALCULATED PARAMETERS AT TIME ZERO”)
10BO F13RMAT(/ 4X “TIM=” F1O.4,2X “N=” 1~ 2X, ’’RMAX=” FIO.6 2X, ’’R=”

lFIO.6,/ $X ~’H=” Flb.6 2X “D&LRCl=i’, F}0.4,2X “A=i’ FIO,&)
1090 F6RMAT(~X “I=”

11OO’;%AA47;A$’5XA;

i2,2X, iIV5L(I )=11, E12.6,2X,’’QAFT( 1~=’I,E1206,2X,

1110 I

..
1

. ..-.

l?::
;;,4,
1- ,

. . ... .. . . . . . . . ‘-:’TRANSIENT CALCULATICJNAL CWTPUT”)
FURMAT(/ 6kT;i ’’,4X, ’’TiM,8X,”R””R” ,9X, ’’H’’, 6XDENSITY”,Y”, 4X,’’RDUT’’,/,

F1O.6)
A?~l.5X, ’’VI.?L( I)’’,9XDLVS(VS( 1) ’’,8X, ’’TDLV( I,3X,3FRI’FRI 1(1)*1,4X,

“FORtiA~i2X 16 3E15.6 2F1O.6)
FtYRMAT(/ ~X “TtiTALSf’ 1X 3E15.6)
FORMAT(lA1 *X IIPtYt5L bREAKUP CALCULATIL3NAL t3uTpuTII)
FORMAT(/,2k,’’fiMAX=”, F1O.6 2X, ’’HPRK=’’,FI4.4 2X, ’’TIM=’’,F1O.6)
FCM3MAT(/,2X “1=’’,16,2X, “T~ME=’ ’, FlO.4,2X,’’RbRK= “,F1O.6)
WRITE(3 2006)
FORMAT($5X,’’LNQ HAS EVAPURATE13 - PR~13LEM FINISHED”)
Fc3RMAT(5X,’’MAX RADIUS ATTAINED AT TIME =“,FIO.6)
CALL EXIT
END


